This study provides a theoretical and numerical modelling of shear stress due to the friction of transient laminar flow on pipe wall. This work is a simplified model of Prado et al. 
Notations
A : section of pipe a : celerity of water hammer 
Introduction
In transient pipe flow, the essential part of the energy dissipation comes from the pressure loss due to friction of the fluid on the wall of the pipe. The friction in transient pipe flow differs from the friction for steady state pipe flow, Streeter and Wylie [3, 4] . The discrepancies are introduced by a difference in velocity profile, turbulence and transition from laminar to turbulent flow and vice versa. There are number of unsteady friction models which have been proposed in the literature. We can, principally, cite the works of Zielke [5] , Trikha [6] , Kagawa et al. [7] , Brown [8] , Suzuki et al. [9] , Vardy et al. [10] . In this works, the friction term is dependent on instantaneous mean flow velocity V and weights for past velocity changes. In a different way, Brunone et al. [11] , has expressed the friction term dependent function of instantaneous mean flow velocity V, instantaneous local acceleration and instantaneous convective acceleration. Generally, difficulties arise in analysis of transient turbulent flow. Models from the literature are calibrated for certain flow conditions whereas the development of a general friction model in transient turbulent flow is a subject of intensive research worldwide. Compared to these one-dimensional models Vardy et al. [11] developed a two-dimen-sional model. It has been shown that, contrary to the quasi-stationary regime, the velocity profiles are not parabolic. Recently, to evaluate the wall shear stress in a transient laminar flow in pipes, Prado et al. [1] have developed a semi-analytical method based, essentially, on the polynomial series expansion of instantaneous axial velocity profiles as function of radial variable and time in a section of pipe. This method is associated with the method of characteristics. This work is, essentially, devoted to a relatively simple adaptation of this model to calculate the velocity profiles, pressure, mean flow velocity and wall shear stress in the transient pipe. The set differential equations obtained are of hyperbolic type and suitable to be resolved by the method of characteristics.
Assumptions and basic equations
This study is conducted under the assumption of axisymmetric unsteady flow of Newtonian, isentropic and compressible fluid. The deformation of the pipe wall is of low amplitude. The inertia terms are negligible and the pipe is modelled by a juxtaposition of independent rings without mass. The radius of the pipe is sufficiently negligible compared with its length enough that the current lines of fluid are straight Assume, furthermore, that the longitudinal velocity gradients are very low compared with the transverse gradients. The basic relations for the fluid are:
 Conservation of mass:
Relation (3) shows that the pressure is substantially constant in each section of the pipe and is equal to its average value. The instantaneous deformation of the pipe is related to the pressure by the Hooke's law [4] :
By introducing the average velocity of the flow across a section of pipe:
Where we noted by the reduced variable.
The integrating of equations (1) and (2) on a cross section A of the pipe provides the following system of partial differential equations:
The wall shear stress p  depends on the velocity profiles  Energy equation By using entropy as a state variable to express the energy of the fluid, we have the following relation differential:
The thermodynamic behaviour of the fluid results in the relationship
Which, by differentiation can be written in the form:
Where we put:
 , P c and  are respectively, the fluid compressibility, coefficient at constant entropy, the specific heat and coefficient of volumetric expansion at constant pressure. In the case of an isentropic flow, we can obtain the following relation: specific heat and coefficient of volumetric expansion at constant pressure. In the case of an isentropic flow, we can obtain the following relation:
This leads, finally, to the following differential system to solve:
A polynomial expansion of axial velocity profiles
Where the source term 0 S is related to the wall shear stress by:
waterhammer celerity
Modelling the wall stress
The system (4a) and (5a) of partial differential equations is hyperbolic and is perfectly suitable to be resolved by the method of characteristics. To solve it, it is first necessary to know the wall shear stress, which itself depends of the velocity profiles. The technique of calculation proposed by Prado et al. [1] is to model the velocity profile in each section of pipe and at each time by a polynomial term of the dimensionless variable.
Where the summation extends to an arbitrary set of integer numbers greater or equal to 2. The instantaneous velocity as defined, verify, automatically, the condition of adhesion at the wall represented by the reduced variable 1   r et should be able to represent, also, the condition of the stationary laminar flow of Poiseuille -Hagen:
Determination of the coefficients
By introducing the weighted average velocities such as: 
From the expression (11) velocity profile, it is also possible, to deduce for a laminar flow of Newtonian fluid, the wall stress in the form: 
Calculation of weighted average velocities
Integrating equation (2) 
Initial and boundary conditions
The initial conditions is a fully established a steady and laminar flow of Reynolds number less than 2100, and the balance for the pipe wall. At time t = 0, the valve is suddenly closed. The boundary conditions are in addition to the pressure imposed by the tank on the upstream end, the instantaneous closing of valve on the downstream. 
Conclusion
This study point out that, compared to the quasi-stationary flow model, this model taking into account the variation of velocity profiles has advantage to introduce a significant correction to the transient stress of flow in pipe. However, we find that the increasing the degree polynomial expansion of velocity profiles has effects on the velocity profiles but not on the mean velocity, pressure and stress of flow on pipe. All results for each of the chosen sets are close to each other.
This model has the advantage to require little additional terms to give a better representation of the wall shear stress and, thus, it can easily be used alongside the existing codes to calculate the laminar transient flow in pipes.
